groups and were then fed a diet low in iodine, Remington's diet 342 (7). In addition, each rat in one of the groups was given 5 'y of L-thyroxine daily by intraperitoneal injection. Twenty normal rats of the same age served as controls; ten of these were fed the low iodine diet, while the remaining ten rats were maintained on Purina fox chow. Fourteen days later, on the 42nd day of life, carrier-free sulfur-351 as sodium sulfate in water was injected intraperitoneally; 1 #c. per gm. of body weight was used. The rats were sacrificed 12 hours later by exsanguination under deep ether anesthesia.
A humerus, the proximal end of a tibia, and a ring of tail skin were removed from each animal and fixed in 10 per cent formalin for 48 hours. After dehydration in alcohol, roentgenograms of the humeri were taken. The tibiae and tail skins were embedded in paraffin, To destroy the thyroids, each rat was given intraperitoneally 100/~c. of iodlne-131 on the 1st day of life. Except for the rats in one control group, as indicated, all the rats were fed a diet low in iodine after weaning on the 28th day of life. Thyroxine was administered to the animals in one group; 5 7 was injected daily into each rat from the 28th to the 42nd day of life. The plotted values are average weights of the rats, the number of which in each group is shown to the right of a curve.
sections of 7/~ were cut, and these were then used to prepare contact sutoradiograms (8). Subsequently, the sections were stained with 0.1 per cent toluidine blue in 30 per cent ethanol.
The right femur was removed from each animal for the determination of the concentration of sulfur-35 in the ends and shaft (9). The concentration of the isotope in pooled sera was similarly determined (9).
After removing most of the musculature, the remainders of the skeletons from the animals in each group were separately pooled. Similar pools were made of the pelts. Mucopolysaccharides were isolated from the pooled tissues and then analyzed as previously described (9).
In the second series of experiments the thyroids were removed surgically from thirty 28-day-old rats. The technique of thyroid removal and the subsequent care of these animals 3.20 DOMINIC D. DZIEWIATKOWSKI The thyroids were surgically removed from the rats on their 28th day of fife. Thyroxine when injected was given intraperitoneally daily for the following 14 days. There were 10 rats in each group. In sodium chondroitin sulfate one expects to find 2.69 per cent nitrogen, 6.15 per cent sulfate-sulfur, 37.3 per cent giucuronic acid, and 34.4 per cent hexosamine. In the preparations which were isolated from the pelts the ranges of values were: nitrogen, 4.2 to 8.6; giucuronic acid, 14.4 to 16.8; hexosamine, 6.5 to 9.3; salfate-snifur, 1.6 to 2.3. The materials isolated from the skeletons had 4.3 to 4.9 per cent nitrogen; 14.5 to 18.1 per cent glucuronic acid; 13.8 to 16.3 per cent hexosamiue; and 2.6 to 3.9 per cent sulfate-sulfur.
were those described by Leblond and Eartly (5). The rats were divided into three groups of ten animals each and fed Remington's diet 342 (7). In addition, each animal in one of the groups was given 5 ~/ of L-thyroxine daily by intraperitoneal injection; each animal in a second group was given similarly 10 "y of L-thyroxine daily. Two additional groups of ten animals each served as controls. The animals in one of these groups were subjected to a mock thyroidectomy on their 28th day of life and were then fed Remington's diet 342. The rats in the other control group were fed Purina fox chow from the 28th day of life until the experiment was terminated.
The animals in the second set of experiments were also sacrificed on their 42rid day of llfe, 12 hours after having received an intraperitoneal injection of sulfur-35 given in a dose of 1/zc. per gin. of body weight. The carrier-free isotope was administered as sodium sulfate in water. The tissues were anatyzed as were those from the rats in the first series of experiments.
Ex~m;n~tion of serial sections of the neck region of representative thyroidectomized animals from each of the two series of experiments revealed that thyroid tissue was absent from the neck region. Parathyroid tissue was found in the animals that had received iodine-131. It was essentially normal in appearance and amount but was surrounded by collagenous tissue.
RESULTS
The rats that were thyroidectomized with iodine-131 did not grow as rapidly as the control animals (Text- fig. 1 ). Thyroxine administered in a dose of 5 T daily for 14 days stimulated growth and restored the alertness of the rats (Plate 5). Though the change in appearance of the surgically thyroidectomized rats was less striking, they also grew more slowly than normal rats or thyroidectomized rats given supplements of thyroxine (Table I) .
No change in the humeri of the surgically thyroidectomized rats was seen in the roentgenograms. On the other hand, the humeri of rats thyroidectomi~ed with iodine-131 failed to grow and ossify to the same extent as those of the control or the thyroidectomized rats given 5 7 of thyroxine daily for the previous 2 weeks (Plate 6).
The concentrations of sulfur-35 in the sera and femflrs, and in the suifomucopolysaccharides isolated from the skeletons and pelts of the animals in the two series of experiments, are given in Table II . Although the concentration of sulfur-35 in the sera of the animals thyroidectomized with iodine-131 was much higher than in the sera in the other groups, the uptake of sulfur-35 into the bones was no greater, except in the femoral shafts. The concentration of sulfur-35 in the ends of the femurs removed from the thyroidectomized animals was approximately the same as in the femoral ends of animals in groups I B and I D, and was lower than that found in group I C. The specific activity of the sulfate-sulfur in the sulfomucopolysaccharides isolated from the skeletons and pelts of the untreated thyroidectomized rats, however, (group I A) was markedly lower than the activity of comparable material isolated from control rats or thyroidectomized animals treated with 5 7 of thyroxine daily, Table II. Surgical thyroidectomy (groups I I A to I I E in Table II ) likewise depressed the uptake of sulfur-35, although to a lesser degree.
The automdiograms reproduced in Plates 7 and 8 support the analytical data. In Plate 7, it can be seen that the uptake of sulfur-35 into the epiphyseal cartilage plate region of the proximal end of a tibia from an untreated thyroidectomlzed rat (Fig. 1) was very weak indeed compared with the uptake into the tibia of a thyroidectomi~.~d rat given 5 "y of thyroxine daily (Fig. 2) or the tibiae of the control animals (Figs. 3, 4) . A s~milar difference can be seen in the autoradiograms of skin sections; for eTample, compare Fig. 9 with Figs. 10, 11, 12. The autoradiograms of tibiae from the animals in the second series of experiments, Plate 8, show a similar, but less marked, depression of uptake by the surgically thyroidectomized rats (compare Fig. 13 with Figs. 14, 15, 16, and 17).
DISCUSSION
For 12 hours and more after the administration of SS~-su~ate to rats its concentration in the sulfomucopolysaccharides of the skeleton and pelts continues to increase (3, 9, 10): the synthetic reaction is dominant. Hence the data in the last two columns of Table H suggest that the synthesis of sulfomucopolysaccharides in the skeletons and pelts was impaired by thyroidectomy. Parenterally administered thyroxine in some way restored or prevented the deterioration of the synthetic mechanisms.
Further support for this interpretation was given by the autoradiograms of tibiae and pelts. The sections were cut from tissue blocks which had been fixed in aqueous, slightly acidic formalin. In the process of fixation inorganic sulfate was undoubtedly removed, leaving behind SaS-sulfate in the sulfomucopolysaccharides.
In designing the experiments it was thought that the total concentration of sulfur-35 in the tissues would reflect the specific activity of the sulfate in the sulfomucopolysaccharides. Under the experimental conditions used, this did not prove to be true. For example, despite the fact that the concentration of sulfur-35 in the ends of femurs from the thyroidectomizx~l rats was in the same range as the concentration in the ends of femurs from similarly prepared but thyroxine-supplemented rats, compare group I A with group I B, and group H A with groups IIB and II C, the specific activities of the sulfomucopolysaccharides isolated from the skdetons of the former were significantly lower than the specific activities of the materials isoiated from the skeletons of the latter. One does see that the expected correlation is partially realized only when the unsupplemented thyroidectomized rats are compared with the intact rats on the low iodine diet.
It is not surprising that the effects of thyroidectomy by the use of iodine-131 were more striking than the effects of surgical removal of the thyroids; iodine-131 was administered to the rats on their 1st day of life whereas surgical thyroidectomy was deferred to the 28th day. Definite signs of hypothyroidism were noted in the iodine-131 rats by the end of the 2nd week. The quantitative differences presumably reflect differences in the duration of hypothyroidism. Qualitatively, the results were similar.
SUMI~ARy
The thyroid glands of rats were made non-functional by a single dose of iodine-131 on the 1st day after birth or by surgical removal on the 28th day. The incorporation of sulfate-sulfur into the sulfomucopolysaccharides of skeletons and pelts was found to be significantly depressed by thyroidectomy. Daily supplements of 5 or 10 "y of s-thyroxine, started on the 28th day, increased the uptake of sulfur-35, although it did not reach normal in the 2 weeks of treatment.
Autoradiograms of sections of tibiae and pelts confirmed the analytical data. The findings suggest that the synthesis of sulfomucopolysaccharides is depressed in thyroidecto~ rats. 931. 3. Bostri~m, H., J. Biol. Chem., 1951, 196, 477. 4 . Simpson, M. E., Asling, C. W., and Evans, H. M., Yale J. Biol. and Med., 1950, 23, 1. 5. Leblond, C. P., and Eartly, H., E~ocrinology, 1952, 61, 25. 5 . Goldberg, R. C., and ChaLkoff, I. L., E~ocrinology, 1949 , 45, 64. 7. Remington, R. E., J. Nutrition, 1937 8. Dziewiatkowski, D, D., J. EXp. M~., 1951 , 93, 451. 9. Dziewiatkowski, D. D., .T. Exp. Med., 1954 , 99, 283. 10. Bostr~m, H., and Gardell, S., Acta Chem. Sca~.~ 1953 .
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EXPLANATION OF PLATES
PLATE 5
Photographs of representative thyroidectomized and normal rats on their 42nd day of life. The thyroidectomized rats had their thyroids destroyed by 100 pc. of iodine-131, given intraperitoncally on the 1st day of life. As a result, the rats did not grow norreally. They were sluggish and at the end of 42 days of life sat as shown in the upper photograph. Daily administration of 5 ~ of L-thyroxine from the 28th day to the 42nd day of life made them more alert, as can be seen in the middle photograph. For the last 2 weeks of the experiment the thymideetomized rats and thyroxine-supplemented thyroideetomized rats were fed a diet low in iodine. The normal rat shown was fed a stock diet. X 0.25.
Thyroidectomized rat 42nd day of life.
Thyroidectomized rat 42nd day of life. 5 3' thyroxine daily for 14 days.
Normal rat, 42nd day of life.
(Dziewiatkowski: Sulfomucopolysaccharides in thyroidectomized rats)
PLATE 6
Roentgenogram of humeri removed from rats on the 42nd day of life. Each humerus is from a different rat. The humeri were fixed in 10 per cent aqueous formalin and dehydrated in alcohol prior to radiography. It can be seen that the bones of the rats thyroidectomized by the administration of 100 #c. of iodine-I 31 on their 1 st day of life, group I A, are smaller and less well calcified. They are immature compared x~ith the bones from similar rats treated daily with 5 3' of L-thyroxine, group I B, from the 28th day to the 42nd day of life. In group I C are the humeri from intact rats fed the same low-iodine diet as was fed to the rats the bones of which are shown in groups I A and I B. Humeri from control rats on a stock diet are shown in group I D. × 1.
PLATE 7
Effect of thyroidectomy with iodine-131 on the uptake of S*5-sulfate by tibiae and skin. Autoradiograms produced by sections of the proximal ends of tibiae and tail skins from 42-day-old rats. The tissues were fixed in a 10 per cent solution of formalin for 48 hours at 25°C. Kodak contrast process ortho film was exposed to the sections for 4 weeks. Each animal received per gin. of body weight 1 /~c. of sulfur-35 as sodium sulfate 12 hours before sacrifice. X 5.
Directly to the right of an autoradiogram of a tibia is a photograph of the stained section which produced that autoradiogram. The sections were stained with 0.1 per cent toluidine blue in 30 per cent ethanol. The metachromatic cartilage shows up darkest in the photographs.
FIc. 1. Produced by a section of a tibia removed from a rat the thyroid of which had been destroyed by 100 /~c. of iodine-131, administered on the 1st day of life.
FIG. 2. The tibia which produced this autoradiogram was removed from a rat which was similarly thyroidectomized by the use of iodine-131, subsequently given 5 3' of L-thyroxine daily for 14 days.
FIG. 3. Autoradiogram of a section of tibia from a control rat fed a low-iodine diet, the same diet on which the thyroidectomized rats were maintained after weaning.
FIC. 4. Autoradiogram produced by a section of tibia from a normal rat fed the stock diet.
Flcs. 5, 6, 7, and 8. Photographs of stained sections which produced autoradiograms for Figs. 1, 2, 3, and 4.
Flcs. 9, 10, 11, and 12 are autoradiograms of sections of tail skin from rats whose tibiae produced the autoradiograms shown as Figs. 1, 2, 3, and 4, respectively.
PLATE 8
Effect of surgical thyroidectomy on the uptake of S~5-sulfate by tibiae. Autoradiograms produced by sections of the proximal ends of tibiae from 42-day-old rats. The tissues were fixed in a 10 per cent solution of formalin for 48 hours at 25°C. Kodak contrast process ortho film was exposed to the sections for 4 weeks. Each animal received per gm. of body weight 1 #c. of sulfur-35 as sodium sulfate 12 hours before sacrifice. × 5.
Directly to the right of an autoradiogram is the photograph of the section which produced it. The sections were stained with 0.1 per cent toluidine blue in 30 per cent ethanol before photography.
FIG. 13. Autoradiogram of a section of tibia removed from a rat the thyroid of which was surgically removed on the 28th day of life, FIG. 14. The tibia which produced this autoradiogram was from a rat the thyroid of which was also surgically removed, but the rat subsequently received 5 5' of L-thyroxine daily.
Fro. 15. Same as for Fig. 14 , except that the rat received 10 ~ of L-thyroxine daily. FIG. 16 . Autoradiogram produced by a tibia from a rat subjected to a mock thyroidectomy and then fed the same low-iodine diet which was fed to the thyroidectomized rats.
FIc. 17. Produced by a section of tibia from a normal rat fed the stock diet. FITS. 18, 19, 20, 21, and 22 . Photographs of stained sections which produced autoradiograms for Figs. 13, 14, 15, 16, and 17. 
